Abstract: Shrinking cities are widespread throughout the world despite the rapidly increasing global urban population. These cities are attempting to transition to sustainable trajectories to improve the health and well-being of urban residents, to build their capacity to adapt to changing conditions and to cope with major events. The dynamics of shrinking cities are different than the dynamics of growing cities, and therefore intentional research and planning around creating sustainable cities is needed for shrinking cities. We propose research that can be applied to shrinking cities by identifying parallel challenges in growing cities and translating urban research and planning that is specific to each city's dynamics. In addition, we offer applications of panarchy concepts to this problem. The contributions to this Special Issue take on this forward-looking planning task through drawing lessons for urban sustainability from shrinking cities, or translating general lessons from urban research to the context of shrinking cities.
Introduction
Humans are rapidly becoming an urban species, with greater populations in urban areas [1] , increasing size of these urban areas, and increasing number of very large urban areas [2] . As a consequence, much of what we know about cities is focused on how they grow and take shape [2, 3] , the strains that their growth puts on city infrastructure [4, 5] , the consequences for human and other faunal-floral inhabitants of these cities and their surroundings [1, [6] [7] [8] [9] [10] [11] , and governance which can either exacerbate or ease these transitions [12] [13] [14] [15] . Indeed, political and economic incentives provide a powerful motivation for continuous growth [16] . However, concurrent with overall greater urbanization, some cities are in decline and experiencing abandoned urban areas due to loss of jobs and the economic base, environmental and infrastructure degradation, and a further corrosion of linked social conditions [17, 18] .
We initiated this Special Issue because globalization of social, economic, and environmental capitals have sent cities into a state of structural and demographic flux. Observations of past urban dynamics indicate that cities commonly undergo contraction phases (e.g., [19, 20] ); though there remains a need to identify what a sustainable trajectory is for shrinking cities. The diversity of papers in this Special Issue reflect the many perspectives, disciplines and approaches that contribute to our knowledge of urban sustainability. The present trajectories of these urban areas undergoing contraction will continue to be modulated by social and economic forces, suggesting a great deal of potential for innovation and how to identify and deal with long-term contraction. Although some of these papers are not focused on shrinking cities, per se, they collectively highlight the dynamism of urbanization, with lessons for getting to sustainable trajectories in shrinking cities.
Shrinking Cities: Definition
Generally, a shrinking city can be considered one with a smaller population or economy compared with its past; although, even a threshold of time may invoke an arbitrary designation. Any definition of a shrinking city is confounded with the fact that cities are composed of parcels, streets and neighborhoods that can have different growth and shrinkage trajectories than that of the city in the aggregate. Many cities, including those experiencing rapid growth, will have areas that have lost significant levels of population and economic activity [21] . Regardless, the shifts in demography with shrinking forces a realignment of how infrastructure is used or abandoned [22] . The process of a slowing economy and population loss leads to low demand for housing and other urban infrastructure, a depleted tax base, decline in the availability of goods and services, and few resources with which to maintain municipal services, further decreasing any appeal to present or would-be residents. Once depopulation has started, there is commonly an accompanying increase in the proportion of abandoned or vacant structures and parcels [23, 24] .
A general goal for the shrinking city was suggested by Schilling and Logan [23] as "aligning a city's built environment with the needs of existing and future populations by adjusting the amount of land available for development". We add that development must be generalized to include changes in land use, such as set-asides, active (urban agriculture) and passive (green demolition) variants of green infrastructure, and abandonment in response to a persistent environmental condition (e.g., sea level rise). The form and spatial structure of a city exerts an influence on what a shrinking city will look like, and constrain what types and the extent of land use change (e.g., additional green space) that is possible [24] . What emerges is a unique social-ecological system with new challenges to sustainability science, ecology, and their application to urban planning for shrinking cities [25] .
The Urban Renaissance and Shrinking Cities
In the U.S., the second half of the 20th century was marked by the urban decline era [17] , which saw population loss from the city core via rapid suburbanization, which was facilitated by federal government backing of highway construction. This era exemplified the rejection of urban living and the degradation of urban neighborhoods. The abandonment of urban cores was accompanied by negative perceptions of cities that went unchecked [26] . One remarkable and recent shift in perception is from decline to the less value-laden concept of shrinking [17] . If some of the shrinking city phenomena in the U.S. is about past policy and practice that were unfavorable to the sustainable trajectories in urban cores, then a possibility for change is on the horizon. Urban living is growing in popularity and, in many cases, financial capital investment now focuses on urban areas and their redevelopment or in some contexts their "gentrification" [27] . In some cases, highways are being removed or reduced in size [28] . The shift in urbanization in favor of dense, and arguably traditional, urban neighborhoods can create the circumstances for stabilization in shrinking cities. In fact, most of the fastest-shrinking major U.S. cities appear to be experiencing a stabilization of their population levels ( Figure 1 ). However, issues of gentrification must be addressed and socially-inclusive redevelopment is needed to create just and sustainable trajectories for shrinking cities [25, 29] . Relatedly, there is also a need to recognize that many groups remained in the urban core and valued urban neighborhoods despite their neglect by government and planning priorities. 
Transition to Sustainable Trajectories
Sustainability is a tri-partite idea that includes social equity, economic stability, and environmental quality. Sustainability is also an inclusive vision, meaning positive quality of life outcomes must be met for people of different means and backgrounds [29] . The sustainable city is an idea that has been developed to guide transitions from current city modes, particularly the sanitary city [30, 31] . The modernist, 'sanitary' city is the dominant city type in the developed world and a response to the poor urban conditions created by the growth of polluting urban industries in the 19 th and early 20th centuries. It created centralized management of wastewater collection and treatment and segregated hazardous land uses to address pollution and human health issues [31] .
The sanitary city is an instructive contrast to the largely conceptual impression of what might constitute the sustainable city. Contrasted with the sanitary city, the sustainable city: (1) prioritizes bottom-up solutions rather than top-down controls; (2) has governance structures that work across disciplinary/agency silos for a more integrative and comprehensive approach to city management; and (3) seeks to decentralize functions [30, 31] . Other aspects of the sustainable city include: creating a more circular metabolism where the city relies on fewer inputs by internally cycling materials and energy; removing hazards (e.g., air pollution) as opposed to separating hazardous land uses (e.g., polluting industry) from residential areas; building public-private partnerships to manage municipal functions; and bringing together residents and experts in matters of city planning and management [30, 31] .
Many researchers utilize a complex systems approach for sustainable cities which is applicable to a dynamic city (e.g., [15] ). Although the same theories and frameworks apply to a range of urban dynamics, a shrinking city will have different challenges than growing cities in getting to sustainable trajectories. A productive route for research is to identify parallel sustainability challenges in 
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in shrinking versus growing cities (Table 1) . In doing so, we can identify the theory and techniques for understanding urban systems that will translate our knowledge between growing and shrinking cities. This approach also has the advantage of using theory and techniques that work at different and meaningful scales. One significant difference between growing and shrinking cities is the proportion of green space providing ecosystem services which can help accomplish sustainable city goals [32] . Growing cities experience a net loss of green space, as there is high competition for space with other urban uses. Shrinking cities conversely are faced with an increasing extent of green space, typically in the form of vacant land. This green space can be a burden on shrinking cities and their residents, as in many cases the emergent green space is unmanaged, functions as blight, and does not generate revenue. However, the emerging green space could provide ecosystem services such as water filtration and carbon sequestration, and given appropriate governance are a resource shrinking cities can use to transition to sustainable trajectories [25] .
Dynamics of Urban Systems
The development of sustainable trajectories for shrinking cities needs an integrative, dynamic approach. One way to consider the dynamics of shrinking cities is via panarchy [33] . Panarchy conceptualizes social-ecological systems, such as urban systems, as a hierarchy of adaptive cycles [34] . Changes in lower-order cycles (e.g., residential foreclosures) can create the circumstances for change (a "revolt") in a higher-order cycle (e.g., blighted neighborhoods and reduced revenues), which subsequently sustain an internal memory to keep lower-order cycles in previous states (Figure 2) .
Urban systems generally have spatial heterogeneity among their social and ecological infrastructures [35] . The physical configuration of the environment (e.g., topography, transportation corridors) can play a key role in the flow of human and commercial capitals [15] . For example, zoning in cities is determined at the municipal scale by zoning regulations, but is also affected by business interests and national economies [36] . The heterogeneity, or patchiness, in cities is the basis for the nested adaptive cycles of panarchy that maintain the gradients driving transitions to sustainable trajectories in shrinking cities. Further, city growth rates are dependent upon the size of a city, and as urban social-ecological systems, are influenced by hierarchical, historic and generally site-specific dynamics that are often random, differentiating cities from the straightforward development pattern of well-understood physical systems [15] . For example, the growth of cities in the southeastern United States has been shown to be dependent upon mean household income, and the percentage of the population of a city with a college degree [37] . These different dimensions of the urban experience can be interpreted in an objective manner to delineate scale within and among cities [38] , and represent levels in a panarchy of urban systems, wherein cities on similar trajectories largely remain in their original size classes. There are exceptions, however, as some cities have experienced tremendous growth (e.g., Phoenix), while others have experienced precipitous decline (e.g., Cleveland).
pathway that is still ongoing. In particular, a transition from gray to green infrastructure is possible due to an abundance of vacant land throughout the city [25, 32] . Vacant land is being used for urban agriculture, wildlife corridors, recreational areas, habitat for pollinators, and as green infrastructure (most important for transformation) to mimic the natural hydrologic cycle and reduce stormwater overflows [32] . The visual aesthetics of these green infrastructure projects are incredibly important to residents, and thus the social value of these areas should not be underestimated [41] . On the other hand, the basic infrastructure of our cities is unusually difficult to transform, due to the necessity of massive investments in updating infrastructure that are often politically unpopular, presenting tremendous inertia to its overhaul [42] . 
Synopsis of Contributions
We have provided an overview of the circumstances of the shrinking city, a theoretical foundation for this dynamic in urban systems, and now highlight contributions to this Special Issue that study various aspects of this broad matter. Although impossible to address comprehensively, the contributions all view different dimensions of shrinking cities. Several contributions discuss the positive potentials in reimagining shrinking city problems. For example, the issue of legacy soil lead burden in vacant lands is examined by Schwarz et al. [43] and offers a new framing of the problem by promoting human (learning and knowledge), social (urban gardening), and technical (soil testing as a data feedback) capitals to mitigate against soil lead availability, and leverage available natural resources toward urban agroecosystems that benefit local communities. Winkler et al. [44] Panarchy also exists within an individual city via its social-ecological conditions (Figure 2) . A social-ecological system may be a candidate for transformation if it is in a degraded state (e.g., economically depressed city). Leadership, networks, learning and trust are key aspects of the transformative capacity of a social-ecological system [39] . Variables that characterize dimensions of the urban social-ecological system at different scales and trajectories also exhibit different speeds along these trajectories, which in turn manifests as scale-dependent structure [33] . For urban systems, growth rate, governance, and infrastructure, are respectively, fast, medium, and slow variables. Slow variables largely determine the resilience of a system [40] , highlighting the role of infrastructure in understanding the sustainable trajectory of a city experiencing contraction. For shrinking cities (e.g., Cleveland) that wish to slow decline and stabilize for sustainability, catalyzing change in infrastructure from gray to green infrastructure is a path to facilitate transformation. For a shrinking city like Cleveland, the decline of the city created an opportunity to transform the city to a sustainable pathway that is still ongoing. In particular, a transition from gray to green infrastructure is possible due to an abundance of vacant land throughout the city [25, 32] . Vacant land is being used for urban agriculture, wildlife corridors, recreational areas, habitat for pollinators, and as green infrastructure (most important for transformation) to mimic the natural hydrologic cycle and reduce stormwater overflows [32] . The visual aesthetics of these green infrastructure projects are incredibly important to residents, and thus the social value of these areas should not be underestimated [41] . On the other hand, the basic infrastructure of our cities is unusually difficult to transform, due to the necessity of massive investments in updating infrastructure that are often politically unpopular, presenting tremendous inertia to its overhaul [42] .
We have provided an overview of the circumstances of the shrinking city, a theoretical foundation for this dynamic in urban systems, and now highlight contributions to this Special Issue that study various aspects of this broad matter. Although impossible to address comprehensively, the contributions all view different dimensions of shrinking cities. Several contributions discuss the positive potentials in reimagining shrinking city problems. For example, the issue of legacy soil lead burden in vacant lands is examined by Schwarz et al. [43] and offers a new framing of the problem by promoting human (learning and knowledge), social (urban gardening), and technical (soil testing as a data feedback) capitals to mitigate against soil lead availability, and leverage available natural resources toward urban agroecosystems that benefit local communities. Winkler et al. [44] investigates how human (art) and energy (geothermal) capitals may re-align the economics of making a living in a remote north central US town that lost its metal mining enterprise in the late 1960s. Ročak et al. [45] explores how residents experience shrinking in the Dutch city of Heerlen and examine through interviews three social capital indicators among residents: resources, empowerment, and participation. Collectively, these three contributions connect tangibly to the source of problems for identifying pathways to sustainability.
Many contributors covered how vacant land affects social and ecological outcomes in shrinking cities. Kim [46] reviews how municipalities and other organizations are utilizing urban vacant land and develops a typology to guide conceptual understanding of the diversity of vacant land types in cities. Gulachenski et al. [47] discusses the urban greening that is happening as a consequence of "counter-urbanization" in shrinking cities; this trend has great potential for generating ecosystem disservices, particularly public health risks as a result of greater exposure to vector-and water-borne pathogens. Bloetscher et al. [48] show how sea level rise has many of the same outcomes shrinking cities experience through population loss, such as compromised infrastructure and new public health risks experienced by vulnerable populations.
Finally, three contributions discuss how urban dynamics create or have consequences for shrinking cities. Meléndez-Ackerman et al. [49] examines residential yard management choices in San Juan, which is starting to exhibit shrinking in some neighborhoods. The differences in how residential landscapes are managed in occupied lots across regions may indicate a potential for differences in how vacant land is managed as well. Nam et al. [50] looks at housing vacancy throughout Korea and examines in-depth the correlated drivers in a single province. The authors found an excess of construction activity has led to a large number of apartment vacancies. Allen et al. [51] examines resilience in mid-sized cities. The paper argues that mid-size cities, shrinking or growing, are unique compared to large cities because they are more reliant on local ecosystem services. As such, a strategy for countering shrinking in mid-size cities may be acknowledging and leveraging this reliance for greater flexibility.
Conclusions
The contributions to this Special Issue add to the layers and nuance in understanding the dynamics of shrinking cities, information that is necessary to guide ongoing development along sustainable trajectories. Further research on shrinking cities is needed for two key reasons that are covered in this feature. First, shrinking is a common condition for cities around the world, and will likely continue to be so as cities age in this unprecedented era of economic change and human mobility, especially as this affects commerce and the concentration of development and wealth. Second, the processes of shrinkage can create unique challenges to and opportunities for urban sustainability that a broad research agenda on cities generally may not address. With regard to urban sustainability, shrinking cities offer a powerful contrast to growing cities that highlight a need for contextualized understanding of urban systems in this regard. Improved understanding will require situating the concepts and definitions of shrinking into theories such as panarchy that work across scales and relationships. Therefore, we recommend using the perspectives advanced in this Special Issue as another starting point, to inspire productive research agendas on shrinking cities and their development along sustainable trajectories.
